Abstract The increase in the greenhouse gas emission has had a severe impact on global climate change and is bound to affect the weather patterns worldwide. This climate change impacts are among the future significant effects on any society. Rainfall levels are drastically increasing with flash floods in some places and long periods of droughts in others, especially in arid regions. These extreme events are causes of interactions concerning environmental, socio-economic, and cultural life and their implementation. This paper presents the detailed features of dry and wet spell durations and rainfall intensity series available on daily basis for the Jeddah area, Western Saudi Arabia. It also presents significant articles for combating the climate change impacts on this area. Results show trend changes in dry and wet spell durations and rainfall amount on daily, monthly, and annual time series. Three rain seasons were proposed in this investigation: high rain, low rain, and dry seasons. It shows that the overall average dry spell durations is about 80 continuous days while the average wet spell durations is 1.39 days with an average rainfall intensity of 8.2 mm/day. Annual and seasonal autorun analyses confirm that the rainy seasons are tending to have more intense rainfall while the seasons are becoming drier.
Introduction
In arid regions environments, knowledge of the spatial and temporal variability, shifts, and trends of rainfall are important for water resources and planning under the global warming effects. This variability causes an impact on human life and cultural activities. The climate change causes an average temperature increase in the troposphere (Crutzen and Zimmermann 1991) . Even 1°C increase in the global temperature leads to about 250 to 300 km climate belt shifts from the equator towards the Polar Regions (Şen 2009 ). According to the IPCC (2007) report, until the end of the twenty-first century, the global temperature increase is expected to reach about 3.5 to 5°C, which implies additional increases in the frequency and amount of different weather events leading to extraordinary hydrological phenomena as floods, droughts, water shortages, or stresses as well as on the agricultural productivity (Artlert et al. 2013) .
Several studies were carried out on the analysis of rainfall variability and distribution in time as well as in space throughout the world. For instance, Akinremi et al. (2001) reported that there has been a significant increase in rainfall events by 29 % in Canadian prairies. Şen (2009) presented a methodology to predict future monthly rainfall amounts and surface runoff volumes on decadal basis from 2000 to 2050 in Istanbul (Turkey) and, accordingly, presented interpretation of monthly dry and wet periods. Goyal (2014) analyzed the precipitation variation and trend in Assam (India) from 1901 to 2002 in both annual and seasonal records. From time series analysis, he concludes that near normal occurrences happen in about 68 years out of 102 years, and if 2.48 years out of 102 years, there was an extremely wet period.
In Saudi Arabia, rainfall can be described as being little and irregular yet very extensive during the local storms. The western part of Saudi Arabia receives a moderate amount of rainfall with long memory of dry periods due to its geographic nature and location within the subtropical zone (Şen 1983; Alyamani and Şen 1992; Subyani 2004 Subyani , 2011 Almazroui Table 1 Distances between rainfall stations (km) J134 J219 J221 J239 JPME 2011). Knowledge and prediction of wet and dry spell probability occurrence, rainfall variability, shifts, and trends are critical when considering the impact of the climate change and can be estimated with reliability from reasonably available records. Wet and dry sequences are treated by different authors (Feyerhem and Bark 1965; Lioubimtseva 2004; Şen 2009; Almazroui et al. 2012 ).
The main objective of the present study is to identify the characteristic temporal and spatial variations of the rainfall on daily, monthly, and annual bases using classical statistical methods and properties of the wet and dry durations by fitting the best suitable probability density functions. Seasonal spells are also presented in this study. The proposed methodology are applied to the observed daily rainfall records for 1971-2012 from six rainfall stations located in Jeddah area, Kingdom of Saudi Arabia (KSA).
Study location and rainfall data
Jeddah area, located in the middle part of the Red Sea of Western Saudi Arabia (Fig. 1) , is classified under the hot weather conditions on the average. In addition to the extraordinary increase in frequency, occurrence and amount of extreme events (floods and droughts) are observable in many parts of the world. It is important to anticipate what similar cases might happen in the future climate around Jeddah area. Jeddah area has received unexpected amounts of rainstorms of 80 and 124 mm/day in 25 November 2009 and 26 January 2011, respectively. Today, there are 3.4 million people living in Jeddah with an annual growth rate of 3.5 % in an area of about 5460 km 2 . The analysis of temporal and spatial wet and dry spell durations and rainfall intensity on the daily basis is necessary for an effective future urban planning and management for the city.
There are six meteorological stations in Jeddah area (J102, J134, J219, J221, J239, and JPME), where the daily rainfall records are available as shown in Fig. 1 (Ministry of Water and Electricity, Hydrology Division 2012). The period from 1971 to 2012 is selected over the entire study area. Table 1 illustrates the distances among the stations. Unfortunately, there are times where some of the stations are out of service. Considering the period from 1 January 1971 until 31 December 2012, the missing data points are on the average 18 % across all the stations. Figure 2 shows the coverage of each station from 1971 until the end of 2012. At any single period of time, one or more stations are active, which gives the opportunity to fill the gaps through spatial interpolation methods with the minimum root mean square error (RMSE) using the inverse distance method (Davis 2002) . For a missing data point of a 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 given station, the filled value is the weighted average of the available stations nearby as follows:
where x i is the rainfall at station i on the missing day, and d i is the distance between the station of missing data point and station i, and hence, the weights are expressed by the following expression:
Rainfall characteristics
Rainfall occurrences in Jeddah area can be described as very scarce and irregular, but very extensive during local storms. The rate of evaporation is very high. In addition, rainfall variability is extremely high and violent as is normally in the case of arid regions (Şen 1983; Subyani 2012) . This area receives a moderate amount of rainfall compared with the rest of the country, due to the moderate elevations and the location within the subtropical zone. In addition, rainfall occurs in sporadic spatial and temporal nature in the study area, where the climate is affected by warm and moist tropical air mass from the tropical belt and Arabian Sea and cold polar air mass. In the following sections, the rainfall data is presented and analyzed Table 2 ) from different angles for better understanding the rainfall characteristics in this arid region.
Daily rainfall
First, the daily rainfall data time series of the six stations are presented in Fig. 3 , which shows the high variations in rainfall amounts throughout the 42 years as the normal situation in arid regions. The basic statistics of this data are given in Table 2 . On the average across all stations, the daily rainfall mean value is 0.13 mm/day with a standard deviation of 1.98 mm/day. This general statistics may not be informative; a better statistics would be to separate the rainy days data from the dry ones. The probability of a rainy day at the different stations ranges from 0.86 to 2.9 % (1.8 % on the average). Given that it is raining in a day, the expected rainfall is 8.32 mm/day.
In studying the rainfall correlation coefficient between the different stations, it is found that the highest value is 35 % between stations J102 and J134. Although the distance between these two stations is not the minimum, but they are located in the same synoptic situation and associated cloud stream. The airport station (JPME), on the other hand, has almost no correlation to any other station even though it is very close to station J134. It shows that the rain in this region is highly variable spatially and unpredictable on the daily bases.
A better statistics of rain variability is the sample autocorrelation function (ACF) defined as (Box et al. 1994) :
where x i for i = 1 to N is the data samples, μ x is the sample mean value, and k is the lag index in days. In case of missing data point, one might standardize the samples and then replace the missing data points by zeroes as suggested by Cryer (1986) . The ACF for the daily rainfall of each station is calculated for 3650 days of lag, i.e., 10 years lag (Fig. 4) . As can be seen from the figure, weak annual repeatability is presented, but no significant values exist (below 0.2).
In regard to the cross-correlation between the stations at different lag days, Fig. 5 shows the significant records only. Note that the correlations at lag zero are linear correlation coefficients. The figure says that when it rains in one station, there is a chance that it would rain in the next day (or the day before) on the other station. The significant correlation coefficients occur at lags ±1 day at the most.
Interestingly, however, if it rains at station J219, then there is a 28 % chance that it will also rain at station J221 in the same day, and a 20 % chance in the next 10 days. Mind the reader that this statistics is based on the records of 42 years, and this may be the result of the extension of the upper trough which deepens and causes widespread rainfall to the south.
Finally, for the daily presentation, the maximum reported rainfall of the stations and their corresponding dates are shown in Table 3 . The flood reported lately on Jeddah in January 2011 coincides with the maximum reported rainfall of 124 mm/day at station J134 located at the heart of Jeddah City. Unlike the inurbane area around station J221, where 140.2 mm/day rainfall is recorded in 13 December 1992 without any reported incidents. The different dates of the maximum daily rainfall occurrences show that there is no consistency in the storm events in the study area.
Monthly rainfall
Next, the monthly rainfall is examined for the stations for better understanding of the rain behavior in different seasons. First, the average monthly rainfall for each month over the 42 years is shown for each station in Fig. 6 . It is clear that the rainy months for most of the stations are November, December, and January with an overall average rainfall of 10.45 mm/month. In February, March, and April, the average A study of the rainfall linear trend is also presented for each month since 42 years ago. To assess the significance of the trends, the non-parametric Mann-Kendall test is utilized (Mann 1945; Kendall 1975) . For the 12 different months and for the six different stations, Fig. 7 shows the linear trends of the monthly rainfall. With a significance of This yields a general conclusion that the rainy months tend to be more intense than before while the dry months are getting drier, which agrees with the global climate change trend (IPCC 2007) . Further presentation shows a more interesting support to this conclusion. The autocorrelation function is also calculated based on the monthly rainfall data and results are shown in Fig. 8 . Again no significant values were reported except for the annual behavior of the rain (12, 24, 36, and so on months). The autocorrelation values show irregularities due to the high variability of the rain.
Annual rainfall
The mean annual rainfall gives an idea about the general behavior of the rain in the area. The annual rainfall data for the six stations along with its linear trends fit for estimation is shown in Fig. 9 . For some stations, the trend is positive while negative for the others. The computed p values of the MannKendall tests are 0.71, 0.08, 0.42, 0.94, 0.06, and 0.39 for the stations J102, J134, J219, J221, J239, and JPME, respectively. The urban station J134 located at Jeddah City experiences a positive trend of 1.09 mm/year/year with a low p value (significance at 90 % confidence level) indicating a potential hazard for the city that must be taken into consideration in future planning. Station J239 located in the mountains outside the city indicates a significant but negative trend suggesting a shift or a decrease in rainfall occurrences along the coastal areas before reaching the mountainous regions in the east of Jeddah City. The rainfall increase is mainly due to the contribution of the southerly heat flux which creates instability and the moisture flux necessary for deep cloud formation. These two factors trigger cloud formation while orographic lifting increases the rainfall amount which explains the difference in rainfall amounts between the two areas. Figure 10 shows the annual rainfall trends posted as a contour map to illustrate this behavior.
Autorun analysis
The classical statistics of the rainfall presented so far lacks the view of the rain sequential behavior with time. The studies by Şen (1976, 1978, 1985) investigated the statistical properties of the wet and dry durations of stream flow sequences in order to estimate the surplus and deficit magnitude within dry and wet periods. However, in this research, a mechanism for synthetic daily rainfall generation for Jeddah area needs to preserve the historical wet and dry spell properties. Such a generating model of synthetic sequences requires identification of a suitable parsimonious model. In addition to the classical statistical parameters such as mean, standard deviation, and serial correlation coefficients, the wet and dry period statistics are also considered as they are estimated from the available historical sequences.
Spell durations statistics
From the daily rainfall data for the different stations, the dry and wet spell durations are extracted as well as the rainfall intensity of the rainy days. Data are truncated at zero rainfall level in this study, since a little drop of rain is so precious in arid regions. The general statistics is shown in Table 4 . As can and 115 days, the wet spell durations are tightly ranged in 1 day, and the rainfall intensities range between 0.9 and 10 mm/day. In regard to the distribution of the spells durations and rainfall intensity, their box plots are shown in Fig. 11 . The boxes extend between the 25th to the 75th percentiles (Q 25 and Q 75 ) while the red marks indicate the data outliers outside the Q 75 + 1.5 (Q 75 -Q 25 ) range. Notice for station J102 that the dry spells extend longer than the other stations, and in the meantime the rainfall intensities has many days of extreme rainfall with 100 mm/day at station JPME and 80 mm/day at station J134. With the wet spell durations being packed in the 1 day range, this indicates a potential flash flood occurrence of high risk in the urban areas.
When analyzing the dry and wet spell durations and the rainfall intensity over the years, the trends are observed at the different stations (Fig. 12) . Each column of the figure represents the data of a station, whereas the rows show the dry spells, the wet spells, and the rainfall intensity, respectively. Table 5 lists the trends along with its Mann-Kendall pvalues for testing them. On average, the dry spells have positive trends towards longer days. For the wet spells, there is no trend. For the rainfall intensities, there are positive significant trends for all stations confirming the potential threat of having intense rainfall in the future.
Spell duration distributions
The next step is to find the best probability mass function (or density function) for the dry and wet spell durations as well as the rainfall intensities of the rainy days. Besides, it is an essential step in the rainfall generation to find the best fitting distribution functions for the spell durations. Results of the best fittings adopting Kolmogorov-Smirnov (KS) goodness of fit are shown in Tables 6, 7 , and 8 for the dry spells, wet spells, and the rainfall intensities, respectively. The last column in each table is added to show the average KS goodness of fit across all the stations in order to figure out the most suitable distribution function as follow. The fitted Geometric and Poisson functions for the dry and wet spell durations have discrete domains starting from zero to infinity; however, the spell durations are integer numbers with a minimum of 1 day, hence, one can adjust the distribution functions to have a discrete domain of 1 ≤ x < ∞ (Milton and Arnold 1995) . See the Appendix for the mathematical details.
Finally, the CDF or PDF fittings of the adopted distribution functions to the rainfall data are shown in Figs. 13, 14 , and 15. These functions were found to have the least KS test values among nominated distribution functions.
Seasonal spells statistics
As discussed earlier, three seasons are proposed for the Jeddah area based on the rain intensity. In this section, an analysis of the seasonal spell durations and their rainfall intensities are presented. Extraction of the spell durations and rainfall intensities is constructed after splitting the rainfall data into the seasons each year. For instance, the first data point slice for the high rain season starts in 1 November 1971 until 31 January 1972. Out of this slice, the dry and wet spell durations are extracted. The process goes on for the next year slice for the same season and the spell durations are concatenated to form a dry spell vector for this season. Similarly, the wet and rainfall intensities of the different seasons are processed. Figure 16 shows the mean values of these quantities for all the stations at the different seasons. It can be clearly noticed that the dry spell durations are shorter in the high rainy seasons and longer in the dry seasons. While the wet spell durations are almost the same for all seasons, the rainfall intensities behave as opposite to the dry spell durations with the different seasons. While the average rainfall intensity in the high rainy season is 9.59 and 6.24 mm/day in the dry season, the average dry spell duration is 24.33 days in the high rainy season and 102.93 days in the dry season. This confirms the earlier conclusion that a more intense rain is expected in shorter period in the high rainy seasons while longer dry days will be in the dry seasons.
Finally, a trend analysis on the seasonal dry and wet spells and rainfall intensities is carried out. Figure 17 shows the trends per year for each station for each season. In high rainy season, the dry spell trends are increasing while the wet spell trends are decreasing and the rainfall intensity trends are increasing for all stations. In low rainy season, the dry spell trends are slightly increasing, while the wet spell trends are decreasing for all stations except for station J134, and rainfall intensity trends are decreasing slightly for most of the stations. In dry season, the dry spell trends are increasing for all stations except the mountain station (J239), while wet spell trends are decreasing. The rainfall intensity trends, however, are increasing in low altitude stations (J102, J134, and J219), while slightly decreasing for the others. Figure 18 summarizes the average trends across all stations for the three seasons. It shows increase in dry spell in all seasons, where the rainfall intensity trends increase in high rainy season and low rainy in dry season.
Conclusion
Rainfall variability shifts and trends are the most important issues that are influenced by the climate change. The main objectives of the present study are to investigate detailed characteristics of the observed daily rainfall series available in Jeddah area with six stations over the period of 1971-2012 on daily, annual, and seasonal basis. This study shows the detailed features of the dry, wet spells and rainfall intensity. Overall, weak annual repeatability is found in the autocorrelation for every station; however, the cross-correlation between the different stations is noticed for some of the stations while most others have weak responses. In addition, there is no consistency in the storm event occurrences within the different stations.
Monthly rainfall analysis suggested that there are three main rainy seasons, namely high rainy season (November, December, January), low rainy season (February, March, April, October), and dry season (May, June, July, August, September). Furthermore, the study shows that there is a positive trend in the monthly rainfall for the urban stations J102 and J134 in the most risky rainfall storm month of November. In general, the study concluded that the rainy months are getting more intense rainfall while the dry months are getting drier due to the impact of the climate change. The urban station J134 located in Jeddah City is experiencing a positive rainfall trend of 1.09 mm/year/year, which must be taken into consideration for future planning and management.
Autorun analysis is implemented in this study to investigate the properties of the dry, wet durations and rainfall intensities. However, the study shows that the overall average dry spell durations is about 80 continuous days while the average wet spell durations is 1.39 days with an average rainfall Fig. 18 Average seasonal trends of dry and wet spells and rainfall intensities intensity of 8.2 mm/day. Seasonal autorun analysis confirms that the rainy seasons are tending to have more intense rainfall, while the dry seasons are becoming drier. This study concludes that the climate change is affecting the arid region rainfall variability and intensity behavior.
Appendix Shifted-Geometric distribution
For the Geometric function, the density function is adjusted to:
with a cumulative distribution function as,
This function is used to generate random numbers from a uniform distribution as follows.
where ξ is a random number generated from a continuous uniform distribution in the range 0 to 1, and p is the Geometric distribution parameter. The ⌈.⌉ function is the integer ceiling value in order to generate random integers. The value of p can be estimated from the data mean value as:
Shifted-Poisson distribution
The original Poisson distribution function is given as follows,
with mean and variance of λ. However, since the wet spells lengths are 1 day or more, the probability mass function needs adjustment. One can simply deduct that the probability f(x = 0) and scale the entire mass function to have a unity sum. Thus, the new shifted Poisson-like distribution function becomes as, 
where y = ln(x). The moments of the distribution can be estimated for the logarithm of the data, y, rather than the data itself as follows.
From which the distribution parameters (α, β, and γ) can be estimated in the following order.
Open Access This article is distributed under the terms of the Creative Comm ons Attribution 4.0 International License (http:// creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
